Motor vehicle crashes are the leading cause of death for the age group of 4 to 6 years. 1 An estimated 244 lives of children Յ4 years of age were saved in 2008 through child restraint use. 2 The National Highway Traffic Safety Administration recommends the use of beltpositioning booster seats when children are 4 years of age and 40 pounds and no longer fit forward-facing, child safety seats but are still too young (Ͻ8 years of age) and too short (Ͻ57 inches) to fit properly into seat belts alone. 3 As of March 2010, 47 states and the District of Columbia have laws requiring appropriate child restraints, such as booster seats, for children who no longer properly fit into forward-facing, child safety seats. These laws vary according to age, height, and weight across states. 4 In New York State, the upgraded child restraint law (UCRL) became effective on March 27, 2005, and requires the use of booster seats or other appropriate child restraint systems for children 4, 5, or 6 years of age. 5 Research on the efficacy of booster seats has been conducted. Researchers at the Children's Hospital of Philadelphia have published several articles on child restraint use. The 2003 study comparing booster seats and seat belts alone for children 4 to 7 years of age found a 59% reduced risk of injury for children using booster seats. 6 The 2006 study comparing child restraints and seat belts alone for children 2 to 6 years of age showed a 28% reduced risk of death for children in child restraints. 7 The 2007 study comparing states with booster seat laws and states without such laws found that children 4 to 7 years of age in states with laws were 39% more likely to be reported as being restrained appropriately. 8 A study in Tennessee evaluated the appropriate use of child safety restraints among 4-to 8-yearold children before and after implementation of an enhanced child safety law and demonstrated an increase in the appropriate use of booster seats after implementation. 9 However, we have not identified a study comparing the traffic injury rates for children of booster seat age before and after implementation of a booster seat law in a single state in the United States. The objective of this study was to evaluate UCRL effects in increasing ageappropriate child restraint system use and in reducing traffic injuries among 4-to 6-year-old passengers, with the 0-to 3-year age group for comparison.
METHODS

Data Sources
Our study population, 4-to 6-year-old motor vehicle passengers involved in motor vehicle crashes, was identified through the 2003-2007 Accident Information System (AIS) for New York State. The UCRL was enacted on March 27, 2005. Children 0 to 3 years of age were used for comparison because they were exposed to similar driving environments but were not directly affected by the UCRL. The AIS includes crash data reported to the New York State Department of Motor Vehicles (DMV) by police officers and motorists. Police officers are required to report all crashes that result in death or injury. 10 Information is collected regarding injury severity, which is classified as none, complaint of pain, visible, incapacitating, fatal, or unknown severity. Information also is collected regarding the crash date, individual safety equipment use, and individual seating position. To estimate population-based, injury rates for children, the bridged-race population estimates according to age from the National Center for Health Statistics for 2003-2007 were used. 11 
Statistical Analyses
The population-based, traffic injury rate, the child restraint use rate, and the front seat use rate among children 0 to 6 years of age involved in motor vehicle crashes were examined from 2003 through 2007. The 2 test was used to evaluate UCRL effects on those rates. To evaluate the effects of the UCRL on childhood injury rates, population-based, injury rate ratios comparing the presence versus the absence of the UCRL were estimated by using a Poisson regression approach with a natural logarithm link function. . The second explanatory variable was a categorical variable indicating the quarter of the year (range: 1-4), which was used to adjust for the seasonality trend in the monthly injury counts. The third explanatory variable was a continuous variable for the monthly child restraint use rate among children involved in motor vehicle crashes. The model was fitted separately for 0-to 3-year-old and 4-to 6-year-old children. For each age group, the model was fitted separately with and without the monthly child restraint use rate. The GENMOD procedure in SAS 9.1 (SAS Institute, Cary, NC) was used to fit all Poisson regression models. York State increased (Fig 1) . However, the traffic injury rate per 10 000 residents among 4-to 6-year-old children in New York State experienced seasonal changes in the period from 2003 to 2007 (Fig 2) . The injury rate increased in the second and third quarters every year and decreased in the fourth quarter. This seasonality partially masked the immediate effect of the UCRL on children's traffic injury rate, compared with the more-easily observed increase in the child restraint use rate, although careful examination revealed a general downward trend in the injury rate with the law.
RESULTS
Immediately
The child restraint use rate among 4-to 6-year-old children involved in motor vehicle crashes in New York State experienced a significantly larger increase, compared with that for 0-to 3-year-old children, after UCRL implementation (Fig 3) . The use rate increased from ϳ30% in 2003-2004 to 50% in 2006 -2007 among 4-to 6-yearold children, whereas it increased slowly from 76% to 84% between 2003 and 2007 among 0-to 3-year-old children. Although the UCRL in New York State did not require rear seating for children, the front seat use rate among 4-to 6-year-old children experienced a larger decrease (from ϳ9% to 5%) during the time period of 2003-2007, compared with the rate among 0-to 3-year-old children after UCRL implementation (Fig 4) . This phenomenon could be explained by the correlation between child restraint use and rear seat use among children. Children who were placed in child restraint systems were more likely to be seated in the rear. The population-based, injury rate for 4-to 6-year-old children decreased Although the child restraint use rate increased slightly and the front seat use rate decreased slightly after UCRL implementation for 0-to 3-year-old children, the changes did not result in a statistically significant decrease in the injury rate (Table  1) . However, 4-to 6-year-old children experienced a much larger increase in the child restraint use rate and a larger decrease in the front seat use rate after UCRL implementation, as well as a statistically significant decrease in the injury rate, from an average of 29 injuries per 10 000 before UCRL implementation to 25 injuries per 10 000 after implementation (Table 1) . (Table 2 ). However, the aRR for 0-to 3-year-old children was closer to 1 (aRR: 0.95 [95% CI: 0.90 -0.99]) ( Table 2) . When the Poisson regression analysis was performed with adjustment for the monthly child restraint use rate, the protective effect of the UCRL on traffic injuries to 4-to 6-year-old children decreased (aRR: 1.06 [95% CI: 0.92-1.22]) ( (Table 3) . Compared with the absence of the UCRL, the adjusted, population-based, visible injury rate for 4-to 6-year-old children demonstrated a significant 21% decrease (aRR: 0.79 [95% CI: 0.72-0.87]) after UCRL implementation (Table 3) . However, the aRR for visible injury for 4-to 6-year-old children became closer to 1 and not significant with adjustment for the monthly child restraint use rate ( Table 3 ). The aRR for visible injury for 0-to 3-year-old children demonstrated a similar change with controlling for the monthly child restraint use rate but generally was closer to 1, compared with that for 4-to 6-year-old children (Table 3) . When we limited the Poisson regression analysis to incapacitating and fatal injuries only, the point estimate for the association of UCRL implementation with these serious injury rates for 4-to 6-year-old children also suggested a protective effect (aRR: 0.92 [95% CI: 0.75-1.13]), although the 95% CI included 1 because of the limited number of serious injuries. For 0-to 3-year-old children, however, the point estimate did not suggest a protective effect of the UCRL when the analysis limited to incapacitating and fatal injuries only (aRR: 1.08 [95% CI: 0.87-1.34]).
DISCUSSION
This is the first study to evaluate the early effects of the implementation of the UCRL on March 27, 2005, in New York State. In addition, an extensive literature search failed to identify an- other research study that studied systematically the effects of an upgraded child passenger safety law on trafficrelated injury rates for booster seataged child passengers within a single state, using police crash report data for the state. We estimated that 4-to 6-year-old children experienced a significant 18% reduction in injury rate after UCRL implementation. In contrast, our analysis did not demonstrate that implementation of the UCRL had any appreciable effect on traffic injuries among 0-to 3-year-old children, who were not directly affected by UCRL implementation.
We examined the mechanisms of how the UCRL reduced traffic injuries among 4-to 6-year-old children. Our analyses revealed that the safety benefit of the UCRL resulted mainly from increased use of ageappropriate child restraint systems, which were demonstrated in previous studies 6, 7 to protect booster seat-aged children better in crashes, compared with adult safety belts only or no restraints.
We evaluated the effects of the UCRL on traffic injuries by using Poisson regression with monthly injury count data and population estimates, instead of the number of crashes in the DMV AIS data. The total data size of the DMV AIS report grew larger each year through 2 main mechanisms. First, the property damage-only reporting threshold of $1000 did not change in the years studied, which resulted in an artificial increase in the number of these reports. There are several strengths of our study. First, our data on traffic injuries and child restraint use were collected systematically in the New York State DMV AIS and were more accurate, objective, and complete than data from telephone interviews of crash victims. Second, we explored the effects of the UCRL on more-severe traffic injuries among 0-to 6-year-old children as secondary findings. We estimated that 4-to 6-year-old children experienced a significant 21% reduction in the visible injury rate and a nonsignificant 8% reduction in the fatal and incapacitating injury rate after UCRL implementation. Similar to the overall injury rate, the safety benefit of the UCRL with respect to the rate of moresevere traffic injuries to 4-to 6-yearold children resulted mainly from increased use of age-appropriate child restraint systems. Furthermore, we did not observe the same degree of effects of the UCRL on more-severe traffic injuries among 0-to 3-year-old children. Our estimates of an 18% reduction in the injury rate and a 72% increase in child restraint use among 4-to 6-year-old passengers can be used not only in demonstrating the effectiveness of the UCRL to the public and to policymakers but also in educational messages for parents about the protective effects of using age-appropriate child restraint systems for their booster seat-aged children.
Our study covered 27 months before and 33 months after UCRL implementation and demonstrated the early effects of the UCRL. Crash data from future years can be used to evaluate whether the early effects are sus- tained over a longer period. Our study did not have information on the misuse of the child restraint systems. The National Highway Traffic Safety Administration estimated that Ն1 critical misuse was found for ϳ50% of booster seats observed. 12 The misuse issues might explain in part why the protective effect of child restraint use was not as strong as we expected.
CONCLUSIONS
UCRL implementation in New York
State has been effective in reducing traffic injuries among 4-to 6-year-old children. This safety benefit can be explained largely by the increased use of child restraint systems for child passengers after UCRL implementation. The enactment of the UCRL in New York State did not have any appreciable impact on the incidence of traffic injuries among 0-to 3-year-old children, who were not directly affected by the UCRL.
